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TESTS ON STANDARD FPHA ROOF TRUSSES

In an effort to save lumber in our temporary war-housing program, - special
standard roof trusses were designed., Bacause questions bearing on the
stability of these trusses have arisen from time to time, the following
information is presented.

Three trusses. of 20!'~0", and three of 24!-0" spans, were tested at the National
Bureau of Standards to obtain factual data on their performance as used for

our TDU~1, TDU-2 and TDU-3 units, and also to determine their safety factors.
The actual spans used were 20%-U3" for MA" trusses and 2Wt.lL" for "B" trusses,
corresponding to the maximum clear spans for buildings using 8" masonry bear-
ing walls. (Sec apponded detail.) :

Maoterials and Fabrication.

The trusses were built at the Eisinger Mill and Lumber Company Plant, Bethesda,
Maryland, by their carpenters; but no mill machinery was used for cutting
bevels, etc., and no jig was used in their assembly, The lumber was stock #2
common yellow pine with average defects, such as knots and checks, also
considerable moisture content. Betwesn the time they were made (September 19&3)
and tested (July 1944), considorable warping of the mgmbers was noted. They
were purposely made to be no better in workmanship apd materials than the
poorer trusses built by contractors on our projects,

Dosign,

The trusses were designed to carry 20 pounds per square foot live load
(horizontal projection) on the top chord and & nominal dry ceiling finish
loading on the lower chord of 2-1/2 pounds per square foot. For test purposes,
howover, this ceiling load was increased to 7 pounds per square foot, o
comparable to a plastered ceiling. The trusses were spaced 24 o.c., as used
on our buildings. The average weight of the 20'-0" trusses was 68 pounds,

and 92 pounds for the 24!-0" trusses. .

Togs Loqding.

The lower chord was first loaded to 14 pounds per Linear foot (7 pounds x 2
spacing of trusses), weights being hung by ropes spaced 12" apart, Then the
top chord was loaded in increments approximately equivalent to 10 pounds per
square foot of roof load, by attaching weights to other ropes spaced 134
apart. Threc trusses were set.up 24" on centers, the middle truss being the
one under test. The other two guide trusses were supported laterally by the
screws of the tosting machine and by wood 1" x U" boards mailed to their top .
chords. To each of these 1" x 4" boards were nailed two wood blocks which .
acted as a lateral support for the top chord of the truss under test., This L
was done to prevent the test load from being transmitted to the adjacent gulde
trusses, The lower chords were braced laterally by continuous 1" x 4" wpod
gtrips located at the two panel points,
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Test Results.

The average ultimate load carried on the top chords of the "A" trusses was 3115
~ pounds and 4252 pounds on the "B" trusses. The loading of the bottom chord
was considered to be a fixed ceiling load. Deducting the weight of a roof
deck from the above ulktimate top chord test leoadings, gives an average safety
factor of 3.57 on the "A" trusses and 4.10 on the "B" trusses, based on a 20
pound design live load, The maximum ultimate load variation was 2% on the
former and 13% on the latter. The 13% was largely due to an abrupt failure
of one truss from large knots-in both the top and bottom chords. If the above
4,10 factor of safety is reduced by 13% .there still remains 3.57 as a minimum
value for these trusses., The following deflections in inches were noted
first at design loading then just before failures

A" Truss - B Trggs
(a) 18 and .99 . (a) .15 and .62
(b) +11 and- .68 _ (b) o3l and 1437
(c) «20 and- 65 | (c) +27 and .92
() .24 and 1,21 | (4) .54 and 1.83
(e) .21 and 1.03 (6) .34 and 1,1

Rém.rkS- ‘

The most common failure came from knots in the 2" x 3" chord members. There
was no prevailing type of fallure. One 1" x 6" web member also split tadly
and 1n two cases the end nailings of the web members mecting at the top of

the trusd came loose. No defects occurred at the hecls of the trusses where
the shearing stresses are highest. Considering the quality of the lumber used,
its moisture centent, and the average workmanship employed, the performance

of these trusses under load was generally consistent and justified their

d-e S'i;gno ) ’ '
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LIGHT WOOD STUD WALL AND BEARING PARTITION

In a further effort to reduce the amount of lumber in frame construction,

~ 1light wood wall and bearing partitions were designed for a reécent FTPHA
assignment, To obtain data on the performance of such walls and partitions
three panels were built at the Eisinger Mill and Lumber Co., Bethesda, Md.,
and tested at the Bureau of Standards. The design loading required was
epproximately 1250 pounds per 4'-0" panel width.

Meterials and.Ffaming.

The panels were 4'-0" wide and 7'-0" high, Four 1" x 3" (nominal) studs
were spaced 16" on center. Top and bottom plates were 2" x 3" with two 84
nailing into the studs and 1" x 3" bridging at mid~height, The facing
material on bBoth sides was 1/2" fiberboard {celotex) nailed with 4d lath
nails, 6" o.c, at all edges and 12" on the intermediate studs, Iumber was
stock, southern pine of average #2 common grade. The moisture content was
not determined, but it appeared to be higher than average for this grade of
WOOd.

Test Method,

The panels were placed in a vertical position in a standard testing méchine
with a heavy steel beam transmitting the vertical loading uniformly along the
top plate,

Tast Results,

The following table gives the average lateral deflections for the various
loadings: .

Panel-1l Panel-2 Panel-3

TLoad Average Deflection

Lb, In, _ In. In,
1866 0,00 0,00 0,00
3366 4 LOL w 01 ¥ .02 g%
4866 , W02 W 0L ¥ : (04 8
6366 ' _ 02 ¥ 02 N ,10 8
7366 W04 W 02 ¥ .15 8
8866 W07 201 X 23 8§
10866 ' 13 W 03 X 44 8
11866 Ay W26 W -
12866 , LA N - - -
Maximum load Ib, 13080 12090 11020

* ¥ « indicates that the average deflection of the studs at mid-
_height was toward the ¥orth; § - toward the South.
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Failure for each panel was due to the combined actions of crushing of the
plates at the stud ends and of excesgive bending at mid-height. A knot

in an end stud of panel Mo, 3 localized the failure of that panel, result~
ing in a tensile failure at the knot, When the loading was released the
partitions recovered about B0 of their deflections., Based on our design
requirements the average factor of safety for these panels is 9,6,
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REFLECTIVE INSULATION -

The withdrawal of restrictions on the use of metal has resulted in the
' reappearance of reflective surfaces manufactured for use as thermal
insulation. The expanded facilities for production of such reflective
insulation will undoubtedly result in considerable sales pressure tend-
ing to increase the use of thermal insulation consisting of metallic
foils or metallic coatings or reflective paints on metal or paper sheets,

Insulation of this character has had very little use in public housing
and its use in any kind of building has not been extensive., The problems
which may develop around these new materials have not yet been determined
by use or by trial and error. This paper is meant to point out some of
the problems which theoretical considerations indicate will arise in the
use of reflective insulation, unless adequate care is taken in the design
of the structures using such insulation.

Permanence. We have no long term records of the use of aluminum foil,
Letter Circular LC-535, October 15, 1938, of the Bureau of Standards states:

"While there is limited information as to the permanence of the
reflective surfaces of aluminum under various conditions of use,

such information as is available indicates that under normal

conditiong the reflectivity is likely to be reasonably permanent.
Installations are reported where no appreciable deterioration of the
aluminum hag occurred over a considerable period of years. Thin layers
of dust readily visible to the eye do not cause any very serious lower-
ing in the reflecting power. If aluminum is wetted over considerable
periods of time, there is possibility of corrosion, particularly if the
water is alkaline. The appearance of the surface is not a reliable
guide as to its reflectivity for radiant heat, and foil which appears
dark or discolored may have lost 1little in insulating value if the
surface film is thin,"

Professor Gordon B. Wilkes of M.I.T. stated in an article in Industrial
and Engineering Chemistry of July, 1939, that foil under dry conditions
showed 1little change after ten years, but that salt and alkalies will
attack aluminum foil,

Conductance. Empirical information concerning the conductances of double

or triple air spaces faced with one reflective surface is given in the

1945 edition of the guide published by the American Society of Heating

and Ventilating Engineers, but the information contained in the Guide

for single air spaces faced with reflective insulation is not so complete,
particularly as to heat flow upward and downward. To supply this deficiency
and to furnish information for varying temperature.differences across the
air spaces, the conductance values for single air spaces faced with re-
flective insulaticn shown on Chart A attached were computed at the Bureau

of Standards.
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Conductance values obtained by calculation instead of observation were
chosen because they fell intermediately smong various experimental results
indicating reasonable agreement with such experimental results. The use.
of a formula permits the construction of a table giving consecutive values
better than scattered experiments by various.investigators who may have
used varying materials. '

The values shown on the attached Chart A are for a mean temperature of 40°F,
The variation in conductance value for mean temperatures of from 10°F to 8OCF
(not shown on the chart) are within 4% of the values for 40°F mean tempera—
ture. Consequently the values shown on the chart are considered accurate
~enough for temperatures encountered in buildings. These values have been
compared by the Bureau of Standards with values quoted by the Guide and .
other authorities, and in cases where comparisons seemed legitimate, agree- -
ment within 10% was obtained. The data in the tables and shown by the

graphs on Chart A is believed to represent the best estimate of

conductance values for single air spaces, 3/4" thick to 3-5/8" thick, faced
with one reflective surface, that can be made with existing information.

The values can be used for multiple air spaces by multiplying the registances
by the number of air spaces,

When any air space is faced with two reflective surfaces the resistance will
be equal to those shown for one reflective surface plus 5%.

Design. TWhen reflective materials are used as insulation, consideration must
be given in the design to the temperatures and -possible vapor concentrations
within the construction, as well as to the thermal resistance., A failure to
keep temperature and vapor concentration within safe limits will result in
destructive condensation just as has sometimes occurred in structures insu~-
lated with other insulating materials.,

Reflective insulation, when used in the form of large sheets, is of itself

an efficient vapor barrier., Vapor pressures on the warm side of the ingsu~
lation will therefore tend to equal the vapor pressure in the house. Con-
densation will occur on the foil when the temperature at the foil is below
the dew point for the humidity existing in the house. The problem is to
provide enough insulation on the cold side of the vapor barrier to keep the
vapor barrier warmed above the dew point for the air in the dwelling.
Condensation on the foil may result in loss of reflectivity, and continued
condensation will result in dempness and potting of the wood structure,

The effect of continued condensation on the durability of reflective suffaces
is not known for all -materials but can be serious for some reflective surfaces.

Chart B, attached illustrates six frame walls with reflective insulation
built in. A method of computing the temperatures at the foil is shown.
Expected temperatures at the foil and at the surface of single windows and
windows with storm sash are computed for the exterior temperatures stated.
The wall sections on Chart B show locations at which reflective insulation
may be located but does not attempt to show methods of maintaining the
insulation in place or of maintaining the width of air spaces,
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The temperature difference across an air gpace should be roughly approxi-
mated and the resistance read from the curves on Chart A. After determin-
ing total resistance R for the wall the temperature difference across a
space can be quite accurately estimated as the temperature drops through
various elements of the wall are proportional to the corresponding thermai
resistance of the elements.

The following paragraphs illustrate some of the problems which will be
encountered in using reflective insulation:

(a) Reflective sheets should be securely stapled to the building frame
tight enough to maintain their position.

(b) Reflective sheets congisting of metal foil cemented to lath or
wallboard would fill the requirements indicated for walls 1 and 4.
Special consideration must be given to any joints in 7apor barriers.

(c) Evaluation of the expected temperatures at the vapor barrier and at
the lnner surface of the window glass indicates that for walls 2, 3
and 6 the temperature at the vapor barrier may be about as cold or
colder then on the inner glass in double windows. These three designs
should, therefore, never be used with storm windows. Walls should be
designed so that the vapor barrier will, under winter conditions, always
be warmer than the inner surface of the window glass. Any condensa-
tion will then occur on the window glass.

(d) Whether one or more reflective surfaces are used the one on the warm
side must act as the vapor barrier, and the construction on the cold
side of the vapor barrier, including any reflective surfaces, should
be five times as permeable to water vapor as the vapor barrier, If
necessary to that end any secondary reflective surfaces should be
perforated, Such incidental perforations will not seriously reduce

- the 1ingulation values.

(e) When walls 1 cr 4 can be constructed with continuous reflective
’ surfaces as vapor barriers they are more safe against condensation
than any other type illustrated in Chart B,

(f) The tqmperafure drop from interior to exterior, indicated on Chart B
as 809, 1s excessive for some localities but the relative values will
not change for other temperature ranges.

(g) There are two other points concerning the use of practically imper—
vious vapor barriers and metallic foils which should be emphasized,
First, plaster backed up by impervious vapor barriers should not be
painted with glossy oil paints until the plaster is theroughly ary
because blistering will result if moisture is sealed between two
nearly impervious films. Second, metal foil enclosing a house should
be grounded to rrevent radlo static,
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CONDUCTANCE AND RESISTANCE VALUES FOR SINGLE
AIRSPACES FACED WITH ONE REFLECTIVE SURFACE E=05

MEAN TEMPERATURE =40°



] ] .
i Wall No, 1 2 3 A 5 6
] 1/t4 .61 .61 .61 .61 .61 .61
/ 7 ] Lath and Plaster 42 42 42 42 42 42
) A.ir Spo NO. FOil - 1000 - - 1.00 -
. Adr Sp. with Foil 2.10 2.15 le 50 Ls62 L.72 7.02
-4 Sheathing .98 +98 .96 .98 .98 .98
- Siding -87 087 087 087 ' 087 087
2 7 - 1/f, 17 17 .17 .17 .17 .17
~ R ’ 5.15 6.20 7055 7067 8.77 10007
4 U 19 .16 .13 13 J1 010
! Temp. Fraction 1.03/  2.03 29 L0y 2.0y 3.3
+ ) 5.15 6.20 7.55 7067 8.77T 10,07
3 + Temp. Drop .
il to Foil 160 260 350 11° 19° 269
Temp. at Foil 54° L° 35° 59° 51° L0
“] Single W#indow
s I 1 Glazed with
4+ Window Storm Sash
1 1/f5 .61 .61 One Reflective Surface
: Glass .10 «10 Two Reflective Surfaces
- v
H Air Space - .85 1/£4 Inside Surface Resistance
5 T Glass ' - .10 1/f, Outside Surface Resistance
T- 1/fo .17 .17 )
f 4 R .88 1.83 R Total Resistance Air to Air
i ] 1.14 55 U Total Conductance Air to Alr
T N ' -
H Tezg.Gizzgtlon '611 1 '611 83 U values used to determine overall
4 1 . * . heat losses will not agree exactly
f 7 Temp. Drop
5 to Glass ‘ 4,30 270 with the values shown because they
. LT should allow for studs, framing and
) ’
~/0 | |4+70° Temp. of Glass 27 h3° for stiles and rails of wood sash

l, 8o’ Qrmp I

and storm sash,
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VETERANS' TEMPORARY HOUSING
INSULATION FOR FIOOR, wALL & CEILING
BARRACKS, FSA DORMITORIES & QUONSET HUTS

“Since Standards for Title V Temporary Housing Program state that construce
tion will be such that heat loss will not exceed approximately 55 BTU

per square foot per hour, it may be necessary in some cases to modify

the present construction. Construction frequently found in barracks,

FSA dormitories and quonset huts is shown in the left hand column

below, together with the "U" factor resulting from such construction.

The right hand column indicates the decrease in "U" factor resulting

from various types of insulating materials, This information is

givenas a quick guide in determining the best and least expensive

means for meeting the requirements as to heat loss established by the

Standards. ’
. U | ; U
: GYPSUM CEILING 38" GYPSUM
% _ FACTOR +oh BLAMKET FACTOR
X 7 D) 2
%" INSULATION BOARD % INSULATION BOARD
. CEILING + 2" BLANKET
Qj N 40 TN /Zt"vt’ 10
1" INSULATION BOARD 1"INSULATION BOARD +
1 BLANKET
“;mE?, T 25 e A AN A A3
I INSULATION BOARD |"INSULATION BOARD +
2'BLANKET
25 10
>3
TAR PAPER TAR PAPER
SHEATHING SHEATHING
STUD STUD
+ 35" GYPSUM BOARD
= 53 33

\ STUD
+ " BLANXKET
+ 8" GYPSUM PBOARD

0‘ i TAR PAPER
~ SHEATHING
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SIDING vl NG - ¥
FACTOR S10) FACTO
SHEATHING SHEATHING reToR
STUD STUD
‘ + 3/8" GYPSUM BOARD
=i
36 25
: 5
=i
=i SIDING
= snagrumcs
Z + I BLANK
>} + 3 'GYPSUM BOARD
=t J3
S5INGLE GLASS SINGLE ASS
DOOR OR WINDOW wuh»'aoowei'— 51'03210 %oooRre .45
1.1% » OR STORM SASH
DOUBLE WOOD FLOOR | * DOUBLE WOOD FLOOR + DOUBLE
FACED REFLECTIVE INSULATION
M M 32 P /105

SINGLE WOOD FLOOR ¥ SINGLE WOOD FLOOR + DOUBLE
: FACED REFLECTIVE INSULATION
M D_(] .42

Jh

—
—4

1" PLYWOOD FLOOR ' * 4 "DLYWOOD FLOOR + DOUBLE
‘ FACED REFLECTIVE INSULATION

I 45 1 t 6"CONT. STRIP 42

ROOFING FELT

------------------VO---"’—' --------------- .-

For effective reduction in heat losses through the floor and for reasons of
comfort, orawl spaces should be enclosed.

% Foil should be punotured with nail holes upproximately 1 foot apart centered -
‘between joists.



